Childhood obesity has reached epidemic proportions during the last three decades. Its prevalence rate is rising almost universally with an increased risk for developing chronic diseases such as type 2 diabetes, cardiovascular disease and a variety of other co-morbidities before or during early adulthood. The association of dietary behaviors, physical activity and sedentary lifestyle with childhood obesity has been explored among school-aged children in various countries. Family background factors such as parental overweight and low educational level and socio-economic status have been reported to be associated with an increased prevalence of overweight/obesity among children.
Introduction
Obesity has reached epidemic proportions and children's obesity has been described as the main health-related problem worldwide, due to its link with physical, social and psychological consequences [1] . Global prevalence of childhood obesity has increased greatly during the last three decades [2] . Its prevalence rate is rising almost universally [3] [4] [5] [6] with an increased risk for developing chronic diseases such as type 2 diabetes, cardiovascular disease and a variety of other co-morbidities before or during early adulthood.
The prevalence of overweight and obese children is dramatically higher in economically developed regions, but is rising significantly in most areas of the world [4, 6] . Recent data from the International Association for the Study of Obesity (IASO) [6] showed that prevalence of overweight/obesity, in the WHO Regions, respectively in boys and girls, was 1.9% and 2.6% in African Regions, 27.3 % and 26.3% in American Regions, 15.2% and 16.6% in the Eastern Mediterranean Regions, 22.1% and 20.3% in European Regions, 14.2% and 7.0% in South East Asian Regions, 17.7% and 12.7% in Western Pacific Regions.
A cross-sectional survey carried out in 2014 by the Italian Ministry of Health and coordinated by the National Institute of Health on 48,426 students aged 8-9 years (OKkio alla Salute Surveillance Project, 2014) [7] showed that among all of the pupils weighed and measured using the international standardized methodology, 30.7% were overweight or obese, with the highest percentage in Central (>30%) and Southern Italy (>37%). The Italian data remain higher than those from other European Countries (Belgium, Ireland, Norway, Portugal Hungary), although showing a decrease of 4.5% since 2008-09 to 2014. Furthermore, our national data subdivided according to geographical areas showed in Lombardy Region a prevalence rate of overweight/obesity decreasing from 25-33% in 2008 to ≤ 25% in 2014 [7] .
Unhealthy eating patterns, such as a high consumption of sugar-sweetened soft drinks, snacks and sweets, and a low number of daily meals of fruit and vegetable portions as well as the habit of skipping breakfast, were related to overweight in children [8] [9] [10] . Moreover, the association of dietary behaviors, physical activity and sedentary lifestyle with childhood obesity was explored among school-aged children in various countries [11] [12] [13] .
In addition, family background factors such as parental overweight and low educational level and socio-economic status, as well as lifestyle factors such a slow physical activity level or sedentary behavior were reported to be associated with an increased prevalence of overweight/obesity among children. It has been shown that in developed countries parental overweight and a low educational and socio-economic status are major potential determinants of increasing risk of overweight and obese children, while this correlation is inverse in developing countries [10, 11, [14] [15] [16] .
This study aimed at investigating the correlation between overweight plus obesity and dietary habits, physical activity and family environment among children attending the second year of primary schools in Pavia, Northern Italy, since some similar studies are recently available, but only for Central and Southern Italy.
Methods

Sample
In this cross-sectional study, all children of both sexes attending the second year of all the primary schools (n=13) in Pavia, Northern Italy, were recruited (n=470) in 2012.
We decided to select only the second year primary school pupils, as we intend to follow them up until the last year of primary school after a nutritional education intervention provided by the school teachers.
This study was carried out as part of a wider nutritional surveillance project with the cooperation of the Education Department of Pavia City Hall, which also included an investigation either on the meals consumed in school canteens either on breakfast consumption by the children at their own home. All students were surveyed over the course of three months, from April to the end of June 2012.
Before starting the study, the research team organized several meetings together with teachers to illustrate the aim of the research and to request their participation. Afterward, students and their parents were informed of the study by means of assemblies in each school as well as they were provided with a written document in which the research relevance in the context of an educational surveillance program was outlined. Finally they were invited to participate in the study. Informed written consent was obtained from them by means of a signed letter that the pupils gave back to their teacher. Only 22 remainder calls were needed just once to return consent form.
The study was conducted according to the guidelines laid down in the Declaration of Helsinki and all procedures involving human subjects were approved by the Ethics Committees of Pavia University Medical School.
Data Collection
Children's anthropometric measurements assessment: All the subjects were examined by two trained dietitians after setting up a classroom as a clinic in each school. The dietitians had received 8 hours of instruction and had been standardized in the measurement assessments. A subset of children (20 males and 20 females) was measured by the two dietitians to determine intra-and inter-operator variability, which was <3% for all the measurements (Kappa reliability test).
The assessment was carried out during school hours in the late morning, about an hour before lunch, subject to an appointment with the school teachers.
Measurements of weight and height were taken under standard conditions [17] :
• Body weight, measured to the nearest 0.5 kg on subjects wearing only underwear and without shoes by means of a steelyard scale (precision ± 100 g);
•
Body height measured to the nearest 0.5 cm on subjects without shoes by means of a stadiometer (precision ± 1 mm); BMI (Body Mass Index) was computed as the ratio between weight (in kilograms) and the square of height (in meters).
Questionnaire: Dietary habits, physical activity and family environment were investigated by means of a structured questionnaire filled in by the parents. A targeted questionnaire was previously developed and delivered to parents, asking them to complete it. The question aire consisted of four sections:
Section one: included 23 questions relating to family composition, parents' socio-economic status and educational level as well as demographic and anthropometric characteristics (parents' weight and height).
Section two: included 15 questions regarding child's dietary habits. This section was drawn from a previous validated questionnaire, adjusted for children [18, 19] .
Section three: included 3 questions relating to the hours per week spent in physical activity, the hours per day spent watching TV, using a computer and playing mobile games and the sport regularly practiced during the year.
Section four: included 7 questions concerning family dietary habits and based on the consumption of healthy foods as recommended by WHO dietary guidelines [20] .
The items of the questionnaire were developed by a team of three dieticians. The questionnaire was previously piloted on a sample of 52 parents and revised accordingly, but validity and reliability were not formally tested.
Parents reported that took thirty minutes to complete all the questionnaire sections. 
Cut off Values
In accordance with the International Obesity Task Force (IOTF) Cole et al.'s [21] cut-off point reference standards for BMI [22] were used to identify overweight and obesity at a young age.
Data Analysis
Data were processed using the Statistical Package for the Social Sciences version 18 for PC (SPSS Inc., Chicago, IL, USA). Descriptive statistics (means and standard deviations) and frequency distribution were calculated for all the variables.
T-test was used for independent samples; Mann-Whitney's test and Pearson's chi-square test were used to assess differences in anthropometric variables between genders.
Pearson's correlation coefficient was used to analyse the correlation between father's and mother's BMI as well as their cultural level.
Crude odds ratio (OR) with 95% confidence interval (CI 95%) were calculated to examine the relationship between overweight plus obese children (dependent variable) and dietary habits, physical activity and family environment (independent variables) by multiple logistic regression analysis.
Multiple logistic regression analysis was used to estimate the simultaneous effect of several covariates on a dichotomous outcome. Independent variables were entered into the multivariate model simultaneously to quantify the independent variable effects on overweight plus obesity in terms of adjusted odds ratios.
All associations were considered statistically significant for a p-value < 0.05.
Family income was divided into three social categories: low (up to € 30.000 per year), medium (from € 31.000 to € 60.000per year) and high (> € 60.000 per year) as previously used in another study [10] .
Answers relating to children's dietary habits [18, 19] were evaluated assigning a score ranging from 0 to 3 with the maximum score assigned to the healthiest one and the minimum score to the least one. The total score of this section was 45. It was divided into three ranges, where the lowest one (0-20) referred to "inadequate eating habits", the medium one (21-35) referred to "partially satisfactory eating habits" and the highest one (36) (37) (38) (39) (40) (41) (42) (43) (44) (45) referred to "quite satisfactory eating habits".
Each of the seven questions related to family dietary habits and based on the consumption of healthy foods as recommended by WHO dietary guidelines [20] received 1 point if satisfying any recommended food habit, thus totalizing the maximum score of 7. The score was arbitrarily dichotomized as following: 0-3 meaning unhealthy food habits and ≥ 4 indicating healthy food habits. A similar index was previously used in other studies [23, 24] .
Results
Sample
Out of 470 children recruited for this study, 435 healthy subjects (92.5% of the entire sample) participated in the study, 52.2% males and 47.8% females, among whom 63 were from non-European countries, born in Italy. Thirty five children, 22 Italians and 13 foreigners, refused to participate in the study, since their parents were not interested in the project. None of the eligible children was neither mobility impaired nor disabled nor with medical condition that might affect all data collection.
The mean age of the sample was 7.7 ± 0.2 years (range 7-8.5), with a prevalent distribution between 7.5 and 8 years. Six Italian children and ten foreigners were aged above eight years.
All the parents of the children who participated in the survey returned the questionnaire entirely completed.
Children's Anthropometric Measurements
The anthropometric measurements of the sample are presented in Table 1 . Mean BMI value was equal to 16.4 ± 2.5 kg/m 2 for boys and 16.2 ± 2.5 kg/m 2 for girls. According to Cole's cut-off point reference standards [22] , 12.4% and 8.8% of boys and girls respectively were overweight, while the percentage of obese subjects was 4.9% in both sexes. Overall, 15.9% of the all sample was overweight plus obese. Weight and height were slightly higher in boys than in girls, while BMI was similar in both groups. The prevalence rate of underweight subjects was higher in girls; overweight prevalence was higher in boys and normal weight and obese children were similar in the two groups.
Children's Dietary Habits
Children's eating habits are shown in Table 2 where most significant answers relating to dietary consumption are reported. Most of the children had breakfast (91.8%) with milk, fruit juice and cereals, consumed five meals per day (90.8%), only a few ate dessert (30.0%) or drank soft drinks (14.8%) at each meal, nevertheless only about 50% of them consumed two portions of fruit and vegetables each day.
According to the score used to classify children's dietary habits, only 1.4% of the children had "inadequate eating habits", 60.8% showed "partially satisfactory eating habits" and 37.8% had "quite satisfactory eating habits". Children's eating habits score showed a positive trend with parents' socio-economic and educational levels, nevertheless they did not show a significant correlation (P=0.097).
Children's Physical Activity
Most of children were physically active given that more than 40% of them were involved in dynamic outdoor games for one hour or more each day. In addition, 79.8% of the children were used to practice sport along the year. Sports most practiced were swimming (35.6%), basket (15.6%), foot-ball (13.8%) and dance among girls (12.2%). Nevertheless, in winter time, about 80% of them watched the television, used the computer or played mobile games for one or two hours per day.
Children's Family Characteristics
Children's family generally included four members, parents and two children, one family reaching twelve subjects including grandparents and some uncles and aunts. In 24.9% of the families one or more grandparents, in 4.8% others relatives, were living together.
Mean parents' age was 43.0 ± 6.1 and 40.0 ± 5.7 years respectively for father and mother. As far as parents' BMI was concerned, mean mothers' BMI was in the normal weight range (22.3 ± 3.7kg/m 2 ) while mean fathers' one was slightly higher than the normal range (25.3 ± 3.2 kg/m 2 ). Fifty-two point one percent of fathers and 69.5 %of mothers were normal weight, while 40.1% of father's and 15.4% of mother's was overweight and 7.8% of fathers and 4.2% of mothers were obese ( Table 3) .
As regarding overweight/obese children (n=64), 41 (64.1%) and 34 (53.0%) of them had their father and mother overweight/ obese respectively (p<0.05, p<0.01).
Parents' educational level was high, since about 40% was graduated (Table 4) . Among overweight/obese children, 51 (80.3%) and 42 (65.2%) of them had their father and mother with low educational level respectively (p<0.01, p<0.05). About 50% of parents were in the medium socio-economic level, a few were unemployed (3.9%) and about 20% of mothers were housewife (Table 4) . Amongoverweight/obese children, 50 (78.7%) and 54 (84.0%) of them had their father and mother with medium-low family income respectively (p<0.01, p<0.05).
Family Dietary Habits
Family dietary habits are reported in Table 5 where frequency distributions of healthy foods choice are shown. Overall, healthy 
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foods choice were usual for a large percentage of families, except for the consumption of whole grain bread rather than white bread which was less frequent (only 27.0% of families). According to the score used to classify unhealthy and healthy food habits, 17.3% of families gained a score 0-3, while 82.7% obtained a score ≥ 4, showing that most of the families had healthy dietary habits. The mean score was 4.7 ± 1.3.
Association of Overweight plus Obesity with Dietary Habits, Physical Activity and Family Environment
Mann-Whitney's test did not show any significant difference for BMI between children's genders. Bivariate analysis using chi square test was conducted to compare the differences between genders in the prevalence of normal weight and overweight plus obese subjects evaluated both as Cole's cut-off point reference standards for BMI [22] . Also in this case, the results did not show any significant difference between genders. Therefore, according to these results the analyses were conducted on the whole sample, not for gender separately.
Multiple logistic regression analysis was used to assess the effects of covariates (father and mother's BMI, parents' education and family income, children's physical activity, children's and family dietary habits) on dichotomous variable (children's BMI). Since father's and mother's BMI, education and income were strictly correlated among them (p<0.01, p<0.01, p<0.05), only father's variables were used as covariates in the logistic model. The results are reported in Table 6 underlining a correlation between all the covariates and children's obesity, except for children's dietary habits, OR ranging from 1.163 (95% CI 1.067-1.269) for fathers' BMI to 2.101 (95% CI 1.124-3.926) for children's physical activity and p< 0.05 for all the significantly correlated variables.
Discussion
This study, carried out as part of a wider nutritional surveillance project, was aimed at investigating the correlation between overweight and obesity and dietary habits, physical activity and family environment among primary school children in Pavia, Northern Italy and comparing our results with similar studies.
In the current study 92.5 % of the recruited sample participated in the survey showing a high number of respondents with a similar distribution between gender. The age of 7-8 years is a period during which family environment may strongly influences children weight status and future lifestyle and dietary habits. Indeed, the role of parenting is particularly critical for young children because parents directly determine the child's physical and social environment and indirectly influence behaviors, habits and attitudes through socialization processes and modeling.
In the current study, the prevalence rate of overweight plus obese children was higher in males (17.3%) than in females (13.7%). The value in the total sample was equal to 15.9% and was lower than the most recent Italian national data collected in 2014 [7] . Our data are encouraging and are in line with those of a study carried out by Brambilla et al. [25] , in 2012 in Milan Northern Italy, reporting a decrease in the prevalence rate of overweight/obesity in 2,117 children aged 5-6 years from 23.1% in 2001 to 16.6% in 2011. In addition, they are in line with international epidemiological data [26] referring to nine European and non-European countries (Australia, China, England, France, Netherland, New Zealand, Sweden, Switzerland and USA) collected on 467,294 children aged 2-19 years, reporting that the increase in prevalence of overweight/obesity has slowed appreciably, or has even plateaued. Therefore, it might be supposed that the childhood obesity epidemic is decreasing, but it should also be pointed out that our data and those collected in Milan and in Lombardy Region referred to selected age groups of children (7-8 years in Pavia, 5-6 years in Milan and 8-9 years in Lombardia) and to a specific area in Italy, then they need further in-depth research.
Children's dietary habits are satisfactory since only 1.4% had 
Healthy Foods Choice % of Families
Fresh fruit at least twice daily 69.4
Fresh vegetables at least twice daily 59.3
Wholegrain bread rather than white bread 27.0
Skimmed or semi-skimmed milk (low fat) rather than whole milk 59.5
Olive oil rather than seed oil 96.8
Vegetable cooking fats rather than lard or butter 87.0
Low-fat cheese rather than high-fat cheese 70.5 inadequate eating habits. Breakfast was consumed by almost the entire sample (91.8%) including dairy products, fruit juice and cereals; daily snacks were qualitatively satisfactory; consumption of cakes and soft drinks was low (14.8%); two portions/daily of fruit and vegetables were eaten by about half of the sample; the meals were correctly distributed along the day (90.8%) and the diet was varied in about 80% of children.
Our results are in agreement with data obtained in other studies in Tuscany (Central Italy) among 8-9 years old children [27] , in Spain among 6-10 years old children [28] and in Germany among 5-6 years old children [8] . On the other hand, they are better than those found in OKkio alla Salute survey (2014) [7] .
Children from Pavia region generally are physical active since more than 40% of them were involved in dynamic outdoor games for one hour or more per day and 79.8% were used to practice sport along the year. Our findings are in agreement with other studies carried out in Sweden on 7-9 years old children [29] and in Mexico City on 6-12 years old children [30] and show better results than those obtained in OKkio alla Salute project in 2014 [7] .
Family frame of our sample including parents with two children is typical of the actual Italian family [31] , showing in our case young parents with medium-high cultural and socioeconomic levels. Prevalence rate of overweight fathers is higher than the Italian National data [32] , but overweight fathers' BMI mean value (26.9 ± 1.3 kg/m²) is slightly above the adult cut off point for overweight reference standards for BMI(25.0 kg/m²) according to WHO 2000 [3] .
Family dietary habits showed healthy food habits since more than 80% of the sample ate fresh fruit and vegetables at least twice daily, chose wholegrain bread, semi skimmed or skimmed milk, low fat cheese and extra virgin olive oil both for dressing and cooking satisfying the healthy diet recommendations.
Since fathers and mother's BMI, education and income were strictly correlated among them, we used only father's variables as covariates in the logistic model. Multiple logistic regression analysis showed the influence of family environment on children's overweight/obesity underlining a statistical significant influence of parents' BMI, educational level, family income as well as dietary habits.
Parental BMI was associated with children's BMI, in agreement with previous studies [33] [34] [35] [36] [37] [38] and seems to be a significant predictor of childhood obesity. On the other hand, having normal weight parents appears to have a protective effect against the risk of obesity. Indeed, in our sample, among children with both normal weight parents (n°=179), 92.2% of them were normal weight while only 7.8% were overweight/obese.
Nevertheless, in this context the influence of the father seems to be stronger than that of the mother, since a larger number of overweight/obese children (n°=41, 64.1%) had their father with a high BMI and a low educational level.
The parents' overweight is undoubtedly one of the most important factors influencing their children's weight status, but not the only one. Indeed the parents' educational level, socioeconomic status and family dietary habits directly determine the child's physical and social environment being responsible for the education, behaviour and lifestyle of their children.
In our study the families showed amedium-high educational level and a satisfactory socio-economic status as well as a good availability of healthy foods within the home, which could explain why the prevalence rate of overweight plus obese children in our sample was enough restrained (15.9%). Among the variables regarding family environment, parental education was the one most strongly related, in an inverse manner, with children's obesity (OR=1.622). Our findings are in line with the results from other studies conducted in European and non-European countries [11-13, 29,39-45] underlining the influence of family environment on children's weight status.
Previous studies [46] [47] [48] [49] [50] suggest that encouraging children adopting an active lifestyle can prevent them from overweight and obesity. In this context parents play an important role in developing children's physical activity while creating a healthy home environment that stimulates physical activity and decreases sedentary lifestyle. In our study family environment influence was pointed out by the fact that 79.1% of children used to practice sport along the entire year had their father with a secondary school diploma or university degree as well as 84.1% of those practicing sport had their father with medium-high income. We might argue that a high level family environment promotes a healthy and active lifestyle protective against the risk of obesity.
Children's physical activity was significantly associated to their weight status (OR 2.101, p=0.020) while their dietary habits were not (OR 1.183, p=0.097). This latter is in disagreement with the data in literature, possibly because of methodological limitations. Indeed, the questionnaire regarding children's dietary habits was drawn from a previous one [18] developed and validated for adolescents and filled in by the parents themselves and therefore should be validated on children aged 7-9 years. Particular strengths of this study were the large number of participating subjects representing the entire population of children aged 7-8 years living in Pavia, the very high participating rate (92.5%), the children's anthropometric measurements assessed by standardized method, the high response rate of the families to the questionnaire and finally the information collected by the questionnaire giving a full comprehension of the family environment.
There are also a few limitations that have to be acknowledged. Parents' anthropometric measurements were self-reported since we could not measure them directly, even though the validity of self-reported height and weight by young adults was suggested to be reliable for identifying relationships in several epidemiological studies [45, 51, 52] . Other limitations are that the questionnaire section regarding children's dietary habits was not validated for this age and the age range of the study population did not cover all age childhood period. Finally, because of the cross sectional nature of our study, it provides only evidence that will be investigated by the follow-up study actually in progressing.
Our study underlines that children's weight status derives from a number of determinants influencing the acquisition of behaviours which either might be at risk of beneficial for their health. As widely described in the literature, beyond the genetic predisposition, our data agree with the influence of family environment on children's weight status and therefore on the increasing risk of obesity. Given that the family factors on children's weight status are often related to each other, it is difficult to establish the true effect of each one that needs to be investigated by specific longitudinal studies.
In conclusion, these findings strengthen the need for implementing public health interventions and educational strategies in primary schools aimed at involving the parents to achieve children's consistent behavioural changes, because of the relevance of family environment on the prevention of childhood overweight. In addition, target interventions are needed on children with obese parents and low social economic status providing social support.
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